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MAN-MADE FIBERS 
(NON-CELLULOSIC) 


Man, through his chemical ingenuity 
has completely revolutionized the fiber 
industry. The world of fibers today is 
almost unlimited in its versatility and 
flexibility. Practically any type of fiber 
can now be produced on demand. 

To the natural fibers, cotton, wool, 
silk and linen, have been added numerous 
new fibers synthesized from chemicals, 
that are as practical as cotton, warm as 
wool, fine as silk and durable as linen. 
More than two-thirds of the fibers pro- 
cessed are man-made, many with such 
built-in qualities as wrinkle-resistance, 
neatness retention and easy care. 

Man-made fibers, some of which were 
completely unknown only a few decades 
ago, have become an essential part of our 
daily lives and their names, such as rayon, 
acetate, nylon, acrylic, modacrylic, poly- 
ester and olefin, are as familiar to us as 
are those of the natural fibers. Chemically 
synthesized fibers have found a place in 
almost all areas where fibers are utilized, 
and have also extended fiber usage into 
entirely new applications such as indoor- 
outdoor carpeting, non-tearing paper and 
artificial grass. 

What are man-made fibers and how 
are they produced? How do they acquire 
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their special characteristics? 

Man-made fibers fall into two cate- 
gories, cellulosic and non-cellulosic. The 
earliest man-made fibers were cellulosic. 
Cellulosic fibers include rayon, acetate 
and triacetate. These fibers are made 
from the cellulose of plants, usually trees, 
regenerated or modified by chemical 
treatment into fiber-forming substances. 

Non-cellulosic fibers are completely 
synthetic. They are fibers created from 
materials other than cellulose. Most of 
the man-made non-cellulosic fibers now 
produced are prepared through chemical 
reactions using petroleum or natural gas 
as the starting material. In this unit we 
are concerned primarily with fibers made 
from chemicals derived from these two 
sources. 

By examining and experimenting with 
the materials in this unit, you will learn 
something about the properties and char- 
acteristics of man-made fibers and also 
acquire some insight into their chemical 
nature. 

First identify your specimens. 

POLYESTER CHIPS—Bits of poly- 
ester chips in polyethylene bag; white. 

UNDRAWN NYLON YARN—Length 
of white fibers; undrawn monofilament; 
400 denier. In package with three-ply 
carpet yarn. 

POLYESTER YARN—Textured; 135 
denier; semidull, filament yarn. In pack- 


3 


age with acrylic staple. 

ACRYLIC STAPLE—Blue wad of 
cotton-like fibers. Packaged with poly- 
ester yarn. 

NYLON MONOFILAMENT — 15- 
denier nylon monofilament yarn; semidull 
luster. 

NYLON CARPET YARN—Three-ply 
carpet yarn in three different colors; 2400 
denier. Packaged with undrawn nylon 
yarn. 

SPUN-BONDED OLEFIN — White 
piece of paper made of polyethylene 
fibers. 

ARTIFICIAL TURF — Green, grass- 
like material; nylon. 

DYE—Powder for use in fiber identi- 
fication; rust-colored. 

FIBER SWATCH — Square of cloth 
containing six different rows of fibers for 
demonstrating color identification. 

All the materials in this unit were pro- 
vided by members of the Man-Made 
Fiber Producers Association, Inc. 


WHAT ARE MAN-MADE FIBERS? 

All man-made fibers are polymers. 

A polymer is a substance composed of 
many like molecules linked together in 
a chain to form a long molecule or macro- 
molecule. These identical repeating mo- 
lecular units are called monomers. Poly- 
mers vary in length and may consist of 
a few hundred monomers or many 
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thousands. The chemical reaction by 
which the monomers become joined to- 
gether into polymers is known as poly- 
merization. 

Polymers are common in nature. Pro- 
teins, carbohydrates and cellulose are 
made up of monomers linked together. 
The natural fibers, wool, silk, cotton and 
linen are also polymeric materials. 

Although polymers were long known 
to scientists it is only within fairly recent 
years that concentrated attention has 
been directed to the synthetic production 
of polymers. The plastics industry and 
man-made fibers industry are the results 
of the intense research in the field of 
polymer chemistry. 

Most of the non-cellulosic man-made 
fibers, therefore, were developed only 
within the last 40 years. But because of 
their many desirable properties and the 
growing demand for fibers of all types, 
the man-made fibers industry grew very 
rapidly. Today, more than two-thirds of 
the fibers consumed in the United States 
is man-made. 

Chemicals synthesized into fibers are 
derived from hydrocarbons, compounds 
consisting of only two elements, hydrogen 
(H) and carbon (C). The chief source of 
these hydrocarbons is petroleum and to 
a lesser extent natural gas. 

Hydrocarbons are of two groups— 
straight-chain form or aliphatic com- 
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pounds and the ring or aromatic com- 
pounds (Fig. 1). 
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All fiber-forming substances are made 
up of chain compounds. 
Among the most important of the 


aliphatic or linear hydrocarbons are the 
alkenes, also called olefins. They are the 
starting materials for many fibers and 
other industrial products. 

The olefins are characterized by the 
double bond between two carbon atoms, 
—C=C-. Such hydrocarbons are said to 
be unsaturated because the extra bond 
allows them to combine with other atoms 
and molecules. Unsaturated compounds 
are highly reactive and this is the reason 
they become linked together to form 
polymers. 

Ethylene, the simplest of the olefins, 
polymerizes into polyethylene. 
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Polymerization of ethylene into poly- 
ethylene is by addition. It is called addi- 
tion polymerization because one mono- 
mer is added to the next during the 
process. 

A second type of reaction occurs in 
the synthesis of some fibers, such as 
nylon, known as condensation polymeri- 
zation. In condensation polymerization, 
a small molecule, which may be water, 
ammonia or other product, splits out 
each time a monomer is added to the 
chain. 

In order for a polymer to make a good 
fiber, it must form some crystals with 
most of the polymers lying parallel to 
each other in a more or less orderly 
arrangement. This arrangement helps to 
provide high tensile strength. Through 
research many such polymeric materials 
have been synthesized, each with its own 
special characteristics depending upon the 
composition of the monomer forming the 
chain. 

The beauty of man-made fibers is that 
by adding or subtracting suitable ele- 
ments from the monomer to be linked 
into a polymer chain or by changes in 
process condition, fibers can be made to 
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order with the desired properties. 

Many fiber-forming polymers are solids 
at room temperature, and are liquid at 
high temperatures. After the polymer 
mixture is prepared, it is extruded while 
still hot into ribbons or rods through 
holes in a device called the spinneret. On 
cooling and hardening, the rods or 
ribbons are cut into pellets or chips like 
the polyester chips in your unit. 

The polymer can be stored in this way 
until it is ready for use. 


FIBER PRODUCTION 

Experiment 1. Examine the polyes- 
ter chips, noting their size, hardness, 
color and luster. These chips become the 
fibers for the polyester fabrics so widely 
used today in our clothing. 

The first step in man-made fiber pro- 
duction is to liquefy the solid polymer. 
This may be done by heating and melt- 
ing the pellets or chips until they are 
fluid enough to flow; about the consis- 
tency of honey. Or the polymer may be 
dissolved in a suitable solvent to liquefy 
it. Some polymers must be converted 
chemically into soluble compounds. 

The thick syrupy polymer is then spun 
into fibers by extruding or forcing the 
liquefied substance through a spinneret, 
containing many tiny openings (see front 
cover). The spinneret is placed high 
above the floor and the liquid polymer 
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as it emerges from the holes forms fine 
continuous threads or filaments. The 
monofilaments, as they are called, make 
their way downward by gravitational 
force. The continuous filaments must 
next be crystallized into solid fibers. 
Three methods are used to do this. 

When the fiber-forming compound is 
melted for extrusion and the filaments 
are hardened by cooling, the process is 
called melt spinning (Fig. 2). 
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COOL AIR FLOW 
Melt Spinning 
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If the polymer has been dissolved in a 
solvent that can be evaporated and is 
hardened by drying in warm air, the 
method is referred to as dry spinning 
(Fig. 3). 
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Ory Spinning 
Fig. 3 

In some cases the fibers are regenerated 
into solid substances by passing them 
through chemical baths after extrusion. 
This is known as wet spinning. 

Experiment 2. In your unit is a 
strand of melt-spun undrawn nylon. Note 
that the strand consists of many fine 
fibers. Each of the fibers is a part of a 
continuous monofilament many miles 
long that emerged from a tiny hole in the 
spinneret. 

When two or more continuous mono- 
filaments are assembled together as in 
your sample or held together by twisting 
or otherwise, the strand of fibers is re- 
ferred to as continuous filament yarn. 

The undrawn yarn represents a stage in 
the manufacture of man-made fibers. The 
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WARM AIR FLOW 





melted polymer has been extruded from 
the spinneret and hardened but it is not 
yet dimensionally stable. That is, it will 
stretch or break easily. 

Cut a piece from the yarn about 12 
inches long. Now pull the yarn gently 
but steadily from each end away from 
the center. Note how much it stretches. 

While the fibers are solidifying or after 
they have become a solid, the fibers are 
stretched. The stretching reduces the 
diameter of the fiber and at the same time 
causes the molecules in the fiber to ar- 
range themselves in a more orderly fash- 
ion, or become oriented. 

When the fibers are stretched the 
strength of the fiber increases, but the 
fiber’s ability to stretch without breaking 
decreases. Thus, by regulating the amount 
of stretching imposed on a fiber, a wide 
range of strength/stretch combinations 
may be produced. 

Look at your sample of 15-denier 
nylon. This is a specimen of nylon fiber 
that has been stretched and oriented. 

After the fibers have been stretched, 
they are gathered together in large bundles 
without twist, which is called “tow.” 

Experiment 3. Take your tuft of 
blue fibers. The form of this acrylic 
carpet fiber is called staple. Staple con- 
sists of short lengths of fibers that have 
been cut or broken into desired lengths 
from large bundles of continuous mono- 
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filament or tow. Squeeze the tuft and 
note its softness and resilience. 

Pull a few fibers from your sample of 
staple and note their lengths. They are 
about 31% to 4 inches long. 

Staple is spun into a wide variety of 
yarns called spun yarns. Look at the 
fibers of your staple closely and you will 
see that they are irregular. The fibers 
have been crimped. Crimping serves to 
hold the fibers together while they are 
being twisted or spun into yarn. Crimping 
also imparts bulkiness to the yarn. 

Pull away a piece of the staple and 
while holding one end of the bundle of 
fibers stationary, twist the other end 
between your fingers. As you twist, pull 
your hands apart gradually and you will 
produce a strong piece of spun yarn. The 
short pieces of fiber cling tightly to each 
other as they are twisted to form a con- 
tinuous thread. You have demonstrated 
how yarn is spun from staple. 

Now look closely at the piece of spun 
yarn and you will see that short ends of 
the fibers project from the surface, pro- 
ducing a fuzzy effect. Spun yarns, be- 
cause of this characteristic, are not smooth 
like the filament yarns and are also 
bulkier. They are therefore often used 
in making porous warm fabrics and car- 
peting. The crimp in the acrylic staple 
also adds to the bulkiness of this staple. 

Producing crimp in a yarn is known 
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as texturizing. There are a number of 
different ways to texturize yarns—by 
chemical means, mechanical processes or 
a combination of the two. Crimp and curl 
can be locked into the filaments by heat- 
setting twisted yarns. After untwisting, 
the crimp becomes a permanent physical 
property. Filament yarns take on new 
characteristics by texturizing, such as 
stretch properties, adding many important 
uses to textile fibers. Texturizing also 
gives the yarns a softness because of the 
resiliency the fibers acquire. 

Experiment 4. Man-made fibers like 
natural fibers come in different weights 
and diameters. The weight of fibers is 
given in deniers. The denier of a fila- 
ment of yarn is the weight of 9,000 
meters of its length expressed in grams. 
The lower the denier, the finer the fila- 
ment. For example, one pound of 15- 
denier filament (like the nylon monofila- 
ment in your unit), is 169 miles long 
while one pound of 840-denier filament 
is three miles long. Fifteen-denier nylon 
fiber is used in women’s hosiery, while 
the heavier 840-denier filament yarn is 
used in tires. 

Among your specimens the deniers of 
the fibers range from 15 to 2400. Can 
you observe the difference in fineness of 
the 15-denier nylon filament and the 
2400 denier carpet yarn? 

The fibers included in this unit are 
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polyester, nylon, acrylic and olefin. Let 
us look into the characteristics of each 
of these. 


NYLON 

Nylon is the first completely man-made 
fiber produced commercially and was 
first marketed in 1939. Today, there are 
at least ten different types of nylon but 
the most important are nylon 66 and 
nylon 6. Nylon actually refers to a whole 
family of polymers, the polyamides. 

The repeating monomer unit in nylon 
is the amide, 


—C-NH- 
Il 


oO 


The polyamide is formed by condensation 
polymerization in which water is split off 
during the reaction. 

Nylon contains four basic elements 
— carbon and hydrogen obtained from 
petroleum or natural gas, nitrogen (N) 
and oxygen (O) from air, and additional 
hydrogen from water. For nylon 66 
these elements are combined by chemical 
processes to form hexamethylenediamine 
and adipic acid. These two compounds 
react to form the long chain polyamide 
and water. 

Nylon 66 is so named because it is 
formed by the reaction of a six-carbon 
diamine and a six-carbon diacid. 
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nylon 66 


The nylon molecule can grow at both 
ends. Thus two long chains can become 
linked together without interfering with 
further polymerization, and as polymeri- 
zation proceeds, chain lengths increase 
more and more rapidly. 

Nylon 6 is formed by the polymeriza- 
tion of a compound called caprolactam 
containing six carbon atoms. 


1°) 
| ; it 
HC Ce NH-CHo -CHy -CH» -CH»-CH,-C R 


CHy 
nylon 6 
caprolactam 
(cyclic amide) 


Unlike nylon 66, nylon 6 is formed by 
a ring-opening polymerization. Capro- 
lactam, a cyclic or ring compound, poly- 
merizes by opening into a chain form. 
The polymer grows only at one end and 
by only one molecule at a time. But it 
grows into a giant molecule similar in 
structure to nylon 66. 

The manufacture of nylon fibers begins 
with the hard white polyamide chips. The 
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chips are melted and extruded through 
the spinneret. The polyamide is melt 
spun. The filaments are stretched after 
cooling to instill the properties desired 
for their particular use. 

Experiment 5. Take the piece of un- 
drawn yarn you stretched in Experiment 
2. Pull on the drawn yarn again and 
note that the yarn will stretch a little, 
but when released will retract. The fiber 
has elasticity This is characteristic of 
nylon yarns and is the property that 
gives nylon the toughness for which it is 
so well known. 

Experiment 6. Take a piece of string 
about 18 inches long and tie one end to a 
fairly heavy unbreakable object such as a 
book or small iron fry pan. Do not use 
too heavy an object or the yarn will 
break when doing the second part of the 
experiment. 

Hold the free end of the string firmly 
at least four feet above the floor. Lift 
the object to the same height and then let 
it go suddenly. Note the tug on your hand 
when its fall is stopped by the string. 

Now cut an 18-inch length from your 
undrawn nylon yarn. Tie this to the 
same object securely. Pull on the free 
end of the strand slightly to partially 
stretch the fiber. Hold the yarn and object 
four feet above the floor as before and 
then release the object. 

What happens this time? Do you feel 
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the force of the weight as much? Can 
you explain your result? Note how the 
yarn has stretched. 

This principle is applied in designing 
parachute cord. Partially stretched nylon 
fiber is used to lessen the impact on a 
person’s body when his fall is suddenly 
broken by the opening of the parachute. 
The fibers have elasticity and absorb 
some of the force. 

Experiment 7. Examine the 15-de- 
nier monofilament nylon. Note its lustrous 
silky appearance. The fiber is smooth 
and resilient. 

Nylon fibers are exceptionally strong 
and resistant to abrasion. Fabrics woven 
of nylon fibers are easy to wash and re- 
sistant to damage from oil and many 
chemicals. They do not absorb great 
quantities of moisture and are quick dry- 
ing. 

Carefully unroll the loop of 15-denier 
nylon fibers. Separate a strand of the 
filament from the loop and cut off a 
piece about 10 inches long. 

Note the many fine monofilaments that 
make up the strand. Take one of the fine 
monofilaments and observe that it is 
practically colorless. 

Gently pull it from each end. Is it 
elastic? Does it return to its original 
length when released? 

Experiment 8. Gently stretch the fil- 
ament again. Note how much you can 
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stretch the fine filament before it breaks. 

Experiment 9. Examine the green 
and gold three-ply nylon carpet yarn. 
Separate a fiber and note it is a continu- 
ous filament running the whole length of 
the yarn. 

Look closely at the filament. Is is 
crimped? Crimping gives the yarn bulk 
and softness. 

Experiment 10. Observe the soft 
colors of the carpet yarn. The yarn con- 
tains filaments of three types of nylon 
polymers. When put in a dye bath, one 
type dyes green, another light gold and 
the third dark gold. 

Can you separate the three bundles of 
yarn by color? Place the yarn on a white 
background and the three colors can be 
distinctly seen. 

Nylon can be dyed in a wide range of 
colors. 

Experiment 11. Check the elasticity 
of this yarn. Is the 2400-denier yarn 
stronger than the fine 15-denier fiber? 

Experiment 12. You are no doubt 
familiar with artificial turf used in many 
athletic fields. The first man-made turf 
was used in an indoor stadium in 1964. 
But now turf that can be used both in- 
doors and outdoors has been developed, 
resistant to weathering by rain, wind or 
sun. 

The “grass” in your sample of man- 
made turf is nylon. Feel it and note its 
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texture. Observe the shape of the shiny 
green fibers that form the grass. The 
fibers are husky nylon filament face fiber, 
strong and abrasion resistant, flat in shape 
to resemble grass. 

Synthetic turf for stadiums consists of 
three basic parts—the grasslike portion, 
the backing and the underpad. The speci- 
men in your unit consists of the top grass- 
like portion and backing. The underpad, 
ordinarily about an inch thick, is not in- 
cluded. 

The nylon grass is attached securely to 
the tough, waterproof backing of polyes- 
ter fiber and nylon tire cord. Look along 
the cut edge of your sample and you will 
see how the fibers are bound to the back- 
ing. The backing is firmly sealed to an 
underpad constructed of a shock-absorb- 
ing material composed of a special syn- 
thetic rubber and vinyl material. This 
underpad is bonded to a layer of asphalt 
below that has been poured over a bed of 
crushed rock forming the base of the field. 

When completed, the structure pro- 
vides a smooth, level, long-lasting field 
of tough but resilient man-made grass. 
The synthetic turf does not absorb water, 
but the field is slightly sloped away from 
the middle and any water drains off the 
surface to the sidelines. 

In addition to its use in sports arenas, 
artificial turf finds application in land- 
scaping and other decorative purposes. 
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As you can see from the specimens in 
your unit, nylon covers a broad range of 
uses, from the most delicate fibers for the 
sheerest of stockings to the toughest of 
fibers for man-made turf. Between these 
two extremes its applications cover a 
broad sphere of fiber uses including, 
thread, dress fabrics, parachute harnesses, 
tents, web belting and rope. 


POLYESTER 

Polyester fiber was introduced into the 
United States in 1946 from Great Britain 
where it was developed in 1941. It was 
first produced commercially in the U.S. 
in 1953. 

The polyester molecule is polyethylene 
terephthalate a polymer containing the 
repeating unit 

-~OCH)CH90-C C- 

ae eX )E 

It is formed from an ester of the dihydric 

alcohol ethylene glycol and terephthalic 

acid, substances derived from coal, air, 
water and petroleum. 


HO,C~("_)}-CO,H + HO-CHy-CH,-OH —» 


terephthalic acid ethylene glycol 
foc-<)-co-0-cri-cr-of + HO 
polyester 
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Polyester owes its fiber-forming prop- 
erties to the benzene rings recurring 


HGH 
C=C 


ee 
C>) = benzene ring = ae CH 
Boer 4 
lel del 


in the polymer. The rings give the poly- 
mer chain stiffness. This allows the chains 
to lie side by side parallel to each other 
and crystallize. 

To make the fibers, the solid polymer, 
like the chips in your unit, are heated 
and melted. The fiber is melt spun and 
is drawn into filaments at a very high 
temperature. The melting point of most 
polyester fiber is about 250°C. The fila- 
ments are drawn to four or five times 
their length while they are still above 80°C 
to orient. the molecules, increasing the 
crystallinity of the fibers and providing 
high strength. 

The fibers are strong, tough and re- 
silient, and resistant to light and moisture. 
Fabrics made of polyester are easy to 
wash and quick-drying. They do not 
shrink or lose their shape. 

Experiment 13. Observe your sam- 
ple of polyester yarn. Note that it con- 
sists of many fibers. Separate one of them 
and you will see that it is a continuous 
filament that has been crimped. 

Cut a piece about 12 inches long from 
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one of the filaments. Stretch it and then 
measure it. How long does it become? 

Release the fiber. Does it return to 
just about its original length? The texture 
in the filament has been permanently set. 
The permanent crimp was produced by 
a process known as false twisting. In this 
method, the fibers are twisted, set by heat 
and then untwisted. 

Polyester fibers can be set permanently 
into shape by heat, and are widely used 
in pleat-retaining and stretch fabrics. 

An outstanding property of polyester 
is its high resilience when wet. It is also 
wrinkle and abrasion resistant making it 
very serviceable in such uses as children’s 
wear, slacks, suits, fire hose and draperies. 

The fiber is blended often with natural 
fibers. When combined with wool, poly- 
esters provide high wrinkle-recovery and 
crease resistance to the fabrics. When 
blended with cotton it gives the fabric 
the “durable press” or “minimum-care” 
characteristics that have wide appeal, as 
well as increasing its strength and abra- 
sion resistance. 

Increasing industrial use is being made 
of polyester, especially in such areas as 
tire cords where strength and resilience 
are important. 


ACRYLIC 
Acrylic is a man-made fiber in which 
the monomer unit is acrylonitrile, 


Paps 


ge 
CN 
It is produced by combining acetylene 


and hydrogen cyanide in the presence of 
a Catalyst. 


catalyst 
CH=CH + HCN ———> CHo=CHCN 
acetylene hydrogen acrylonitrile 
cyanide 


Polyacrylonitrile is a solid material used 
in a great variety of soft, lightweight, 
wool-like textile fabrics and was first pro- 
duced in the United States in 1950. 

In the manufacture of polyacrylonitrile 
fibers, the acrylonitrile monomers are 
usually mixed with another unsaturated 
monomer and polymerized together to 
form a mixed polymer with improved 
fiber properties. This is known as copoly- 
merization. The final properties of the 
fiber depend upon the ratio of the mono- 
mers used. By federal regulations acrylic 
fibers must contain at least 85% of poly- 
acrylonitrile. If less is present, the fiber 
is called modacrylic. 

To spin polyacrylonitrile into fibers, 
the polymer is liquefied with an organic 
solvent and dry-spun after extrusion 
through a spinneret. The fiber is also 
wet-spun using a variety of solvents. The 
spinning is followed by stretching at high 
temperature. 
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Most of the acrylic fibers are used in 
staple form cut from filaments that have 
been crimped just as in your staple 
sample. 

Experiment 14. The crimping adds 
bulk and resilience as you have observed. 
Note the color of your carpet staple. It 
was dyed blue by mixing a pigment into 
the polymer before the fiber was formed. 
The color is therefore locked in and can- 
not be washed out. Place a small tuft of 
it in hot water and note that no color 
escapes into the water. This method of 
dyeing makes the color very resistant to 
fading by light also. Fibers dyed in this 
way are called solution-dyed, spun-dyed 
or dope-dyed. 

The staple in your unit is of carpet 
weight, but many soft, light and fluffy 
fabrics are made from acrylic fibers. One 
of the characteristics of acrylic fiber is 
its unusual bulking ability. The staple is 
therefore suitable for yarns for bulky 
sweaters, knitted and loosely woven 
fabrics. 

Fabrics made with acrylic fibers show 
good crease resistance and crease reten- 
tion. Their uses are many, from babies’ 
garments to sand bags, fleece fabrics to 
upholstery. 


OLEFIN 
Olefin fibers consist of repeating units 
of ethylene or propylene. They poly- 
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merize by addition with the addition oc- 
curring only at one end of the polymer. 

The olefin fibers, polyethylene and poly- 
propylene are derived from petroleum. 
The repeating monomer units are ethylene 
and propylene, 


-CH, - CH» - ethylene 
-CH, -CH- propylene 
| 
CHg 


At first polyethylene and polypropylene 
were not very promising as fibers, but 
with the discovery of suitable catalysts, 
both of these can now be processed into 
fiber-forming polymers. 

When ethylene is polymerized with a 
catalyst it forms linear polyethylene that 
produces a strong fiber 


CH,=CH, ——> +CH,-CH, t+ 


ethylene polyethylene 


When propylene polymerizes under 
ordinary conditions, the methyl group 
(CH) is arranged at random along the 
chain. 


CH=CH —> 
CH 
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CHg CHy 


-CHp gia aac pe a a ac 


CH, CH, CH, 


The irregularly arranged methyl groups 
interfere with the parallel alignment of 
the polymers and fiber-forming crystal- 
line structure. 

By adding the proper catalyst, the 
methyl groups can be controlled. They 
may all be on the same side of the chain 
or they may alternate regularly on each 
side of the polymer depending upon the 
catalyst. If they are all on one side, the 
arrangement is called isotactic. If they 
alternate, it is called syndiotactic. 


CHs CHg CHg CHg 


-CH, -CH-CH, -CH-CH, -CH-CH, -CH- 


isotactic polypropylene 
CHg CHg CHg 
-CHy 5 ieee -CH-CHy iia” -CH-CHy yaaa -CH- 
CHg CH3 CHg 


syndiotactic polypropylene 


These arrangements are stereoregular. 

The random arrangement or stereo- 
nonregular form of the methyl groups is 
Known as atactic. 


26 


The molecules of stereoregular poly- 
propylene fit into each other forming 
closely packed crystalline solids with 
fiber-forming properties. Polypropylene 
fiber has been commercially produced in 
the U.S. since 1961 and has steadily 
grown in industrial importance. 

Of the two olefin fibers, polyethylene 
and polypropylene, polypropylene is the 
more suitable for use as a textile fiber. 

Olefin fibers are very light, the lightest 
of all man-made fibers. Polypropylene 
fibers are so light that ropes made of 
them will float. 

The fibers are abrasion resistant, strong 
and resistant to weathering, and very 
sensitive to heat. 

Experiment 15. Examine the piece 
of spun-bonded olefin paper in your 
unit. Note that it is not much heavier 
than ordinary bond paper. Try to tear it. 
Can you? Twist it and pull on it. It 
resists tearing no matter how hard you 
try. Fold it and crease it with your finger- 
nail. Then unfold it. The paper does not 
crack or fray when creased. 

Experiment 16. Wet it and then try 
to tear it. Wet or dry it is very strong. 

Experiment 17. Wipe off the water. 
Does the paper retain any moisture? It 
is quick-drying and does not absorb water. 

Experiment 18. Now make a tiny 
cut with scissors on one edge. Then tear 
it from this cut. Does it tear easily? 


rx | 


Examine the torn edge. Can you see 
the fine fibers projecting along the tear? 
The paper is made of fine high density 
polyethylene fibers spun and bonded to- 
gether in a sheet using heat and pressure. 
The process produces a very strong tear- 
resistant paper. 

Spun-bonded olefin is made into dur- 
able covers for catalogues, pamphlets and 
children’s books. The paper resists stain 
and moisture and has a very smooth 
surface that does not scratch or mar. 
Uses also include maps, charts, table and 
wall coverings and outdoor signs. 


Experiment 19. Write on the paper 
with a pen. Note how smoothly it accepts 
the ink and how quickly it dries. 


FIBER IDENTIFICATION 


Experiment 20. Look at your fiber 
swatch. It consists of six narrow sections, 
each woven with a different fiber. Look 
closely at each of the sections. Can you 
identify the fibers? Can you tell which is 
man-made and which natural fiber? 

It is very difficult to identify fibers by 
superficial observation. Specialists in the 
field have therefore designed a way to 
identify them visually, using special dyes. 

Before doing the experiment below put 
on an apron or other covering to protect 
your clothing from the dye. Do not touch 
your face, mouth or eyes while working 
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with the dye. The dye is not toxic but 
precautions should be taken in handling 
the dye as you would in handling any 
chemicals. 

Experiment 21. Cut along one side 
of the bag containing the dye. Carefully 
pour the dye from your polyethylene bag 
into a small pan. Avoid breathing in any 
particles. Next add %4 cup of hot tap 
water to the dye, slowly and carefully to 
prevent spattering. Stir it with a glass 
rod or spoon to dissolve it completely. 
The dye goes into solution very quickly. 

Heat the dye solution over medium 
heat until it comes to a boil. While wait- 
ing for it to boil, moisten the swatch. 
Place it in the boiling dye solution and 
continue to boil for a full minute. Re- 
move the pan from the stove and allow 
the dye to cool for a few minutes. Then 
remove the fabric, being careful not to 
spill the dye. The dye is very concen- 
trated so may stain anything it comes in 
contact with. 

Wash the swatch under running water. 
Note the array of colors. Each fiber, 
except for two can be identified with this 
dye. 


orange acetate 
green cotton 
reddish brown nylon 
yellowish tan polyester 
yellowish tan acrylic 
dark brown wool 
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This dye does not distinguish between 
polyester and acrylic. However, there 
are other dyes that will color the two 
colors differently. 


Experiment 22. Examine the labels 
in your various clothing. What propor- 
tion of them 1s composed of man-made 
fibers? 

If you look around you, you will see 
how much we have come to depend upon 
man-made fibers for our everyday needs. 
Drapes, bedspreads, sheets, string, and 
every type ee is made of man- 
made fibers. 

The study of man-made fibers is a 
fascinating one. Much research still con- 
tinues in this field. If you wish to study 
the subject further, the references below 
will be helpful 


Textbooks on organic chemistry. 

Chemistry for the Applied Sciences, 
W. Steedman, I. H Anderson and R. B. 
Snadden, Pergamon Press, New York 
(1970). 

Organic Molecules in Action, Murray 
Goodman and Frank Morehouse, Gordon 
and Breach Science Publishers, New York 
CEO 73). 

Principles of Polymerization, George 
Odian, McGraw-Hill Book Co., New 
York (1970). 
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Additional educational materials are 
available from the Man-Made Fiber Pro- 
ducers Association, Inc., 1150 Seven- 
teenth Street, N.W., Washington, D.C. 
20036. 


This unit was made possible 
by the generous cooperation 
of members of 


The Man-Made Fibers 
Producers Association, Inc. 


Washington, D. C. 
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